Supplementary Material

Supplementary Figure 1 shows an exploratory analysis of event-based models of dominantly-
inherited Alzheimer’s disease mutation subtypes: Presenilin 1, Presenilin 2, and Amyloid

Precursor Protein.

Differential equation model fits for selected biomarkers in the Dominantly Inherited
Alzheimer Network dataset which displayed monotonic behaviour on average are shown in
Supplementary Figure 2 (cross-validation in Supplementary Figure 8), Supplementary Figure
3 (cross-validation in Supplementary Figure 9), and Supplementary Figure 4 (cross-validation
in Supplementary Figure 10). Corresponding biomarker trajectories are shown in
Supplementary Figure 5 (cross-validation in Supplementary Figure 11), Supplementary
Figure 6 (cross-validation in Supplementary Figure 12), and Supplementary Figure 7 (cross-

validation in Supplementary Figure 13), respectively.

Supplementary Table 1 is a numerical summary of the differential equation model fitting
results: the model hyperparameter estimates and numerical convergence of the Markov chain
Monte Carlo fits via the potential scale reduction factor R (Gelman et al., 2014; Vehtari et al.,
2016). Ten-fold cross-validation results are quoted as mean + standard deviation across the

ten folds.

Supplementary Figure 14 shows differential equation model fits for the few CSF amyloid
biomarkers where the approach was incapable of estimating valid biomarker trajectories due

apparently to non-monotonic dynamics.

Supplementary Figure 15 compares our model-based measures of dominantly-inherited

Alzheimer's disease progression to the traditional measure, Estimated Years to Onset



(denoted EYO in the figure) based on parental age of onset. Further discussion of this is

included below.
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Supplementary Figure 1. Event-based models of dominantly-inherited Alzheimer's disease: mutation type
subgroups. Data-driven sequences of biomarker abnormality shown as positional variance diagrams for
mutation carriers in the DIAN dataset who are A. Presenilin 1 mutation carriers; B. Presenilin 2 mutation carriers;
C. Amyloid Precursor Protein mutation carriers. Compare with Error! Reference source not found. (all groups



combined): similar ordering, with a notable difference: Amyloid Precursor Protein mutation carriers showed earlier
CSF AB42 abnormality. Abbreviations as in Error! Reference source not found..
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Supplementary Figure 2. Differential equation model fits (1 of 3). Data points are shown as red plusses. The
Bayesian nonparametric differential regression fits are shown as mean (heavy solid black line) + standard error
(SE, dashed blue lines), and samples from the full posterior (light grey lines). Gaussian process model
hyperparameters are in Supplementary Table 1. Corresponding biomarker trajectories are shown in
Supplementary Figure 5.
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Supplementary Figure 3. Differential equation model fits (2 of 3). Corresponding biomarker trajectories shown in
Supplementary Figure 6. Key explained in Supplementary Figure 2.
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Supplementary Figure 4. Differential equation model fits (3 of 3). Corresponding biomarker trajectories shown in
Supplementary Figure 7. Key explained in Supplementary Figure 2.
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Supplementary Figure 5. Biomarker trajectories (1 of 3). Corresponding differential equation model fits shown in
Supplementary Figure 2. Key explained in Error! Reference source not found..
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Supplementary Figure 6. Biomarker trajectories (2 of 3). Corresponding differential equation model fits shown in
Supplementary Figure 3. Key explained in Error! Reference source not found..
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Supplementary Figure 7. Biomarker trajectories (3 of 3). Corresponding differential equation model fits shown in
Supplementary Figure 4. Key explained in Error! Reference source not found..
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Supplementary Figure 8. Differential equation model fits: ten-fold cross-validation (1 of 3) of the fits in
Supplementary Figure 2. Corresponding biomarker trajectories are in Supplementary Figure 11.
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Supplementary Figure 9. Differential equation model fits: ten-fold cross-validation (2 of 3) of the fits in
Supplementary Figure 3. Corresponding biomarker trajectories are in Supplementary Figure 12.
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Supplementary Figure 10. Differential equation model fits: ten-fold cross-validation: (3 of 3) of the fits in
Supplementary Figure 4. Corresponding biomarker trajectories are in Supplementary Figure 13.
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Supplementary Figure 11. Biomarker trajectories: ten-fold cross-validation (1 of 3). Corresponding differential
equation model fits are in Supplementary Figure 8.
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Supplementary Figure 12. Biomarker trajectories: ten-fold cross-validation (2 of 3). Corresponding differential
equation model fits are in Supplementary Figure 9.
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equation model fits are in Supplementary Figure 10.
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Supplementary Figure 14. Differential equation model fits for biomarkers where the approach could not infer a
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trajectory. In C., the fit implies an increasing biomarker (on average), but this biomarker is observed to decrease

as disease progresses (Trajectory for C.).
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Supplementary Figure 15. Comparison of disease progression estimates for mutation carriers in the DIAN
dataset. Clinical progression is defined using global Clinical Dementia Rating (CDR) score: asymptomatic (CDR
= 0); mild symptomatic (CDR = 0.5); symptomatic (CDR > 0.5). Left panels: direct comparison of linear
regression fits and 95% confidence intervals, with individual data points for EYO removed to avoid unblinding.
Right panels: comparison of distributions via quantile plots, with a reference line (correlation) shown for all
diagnostic categories combined. EYO = Estimated Years to Onset from parental age of onset; EBM = event-
based model; ETO = Estimated Time to Onset from differential equation models; CDR = Clinical Dementia
Rating; bl = baseline.



Supplementary Figure 15 shows correspondence between different estimates of disease
progression: A. event-based model and familial EYO; B. differential equation model ETO
and familial EYO; and C. event-based model and differential equation model ETO. In these
figures, disease progresses from left to right and from bottom to top. Broadly speaking,
Supplementary Figure 15 shows that all estimates of disease progression correctly predict
unaffected/asymptomatic individuals (global Clinical Dementia Rating of 0) to lie towards
the lower left corner and affected individuals (global Clinical Dementia Rating > 0) towards
the upper right. Further, there is quite good linear correlation across all estimates, as shown
by the linear regression fits in the left column, and by the quantile plots in the right column.
In Supplementary Figure 15A, unaffected individuals should be found towards the lower left
corner (EYO < 0; early event-based model stage), with affected individuals towards the top
right corner (EYO > 0; late event-based model stage). Indeed, this is what we see, with good
overall correlation between EYO and event-based model stage across diagnostic groups. For
all groups of mutation carriers combined, a linear fit yields R? ~ 0.45. Supplementary Figure
15B shows a linear relationship between Estimated Time from Onset and familial EYO for all
mutation carriers in the Dominantly Inherited Alzheimer Network dataset: both symptomatic
and asymptomatic individuals. Supplementary Figure 15C compares our two modelling
approaches by plotting differential-equation-model-based Estimated Time from Onset against

event-based model stage.
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Supplementary Figure 16. Event-based model of all mutation carriers in the Dominantly Inherited Alzheimer
Network cohort, omitting participants with missing data. This result compares qualitatively very well with Error!
Reference source not found., which included participants with missing data imputed (see Statistical Analysis
section). This supports the notion that our missing data imputation did not affect the estimated sequence of
abnormality. Abbreviations as in Error! Reference source not found..
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Supplementary Table 1. Differential equation model regression results: Gaussian process hyperparameter
estimates. Units — CSF: pg/mL (except ratio); PET (PiB and FDG): standardized uptake value ratio (SUVR)
relative to the cerebellum; Volumes: mm?; Cortical Thickness: mm. Ten-fold cross validation shows mean +
standard deviation. The potential scale reduction factor R, here given precise to three decimal places, indicates
convergence of the algorithm: values close to 1 indicate strong convergence.



